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This was a 15 month study that studied the effects of
Kalamazoos'

Municipal

Pumping

Kleinstuck Nature Preserve.

Station

No.

4

on

the

The preserve is about a quar

ter of a mile in the up gradient direction of Station No.
4.

This study demonstrates that there is a direct correla

tion between the pumping and the water levels at the pre
serve.

Pumping records show that there is no correlation

between precipitation and the water levels at the preserve.
There are other factors which exaggerate this effect.
It has been found that the drain field at the Y.M.C.A.
parking lot, the breaching of the clay under the pond, the
reduction of the drainage basin, and erosion and sedimenta
tion at the preserve all add to the effects of the pumping.
These factors together exaggerate the effect that the pump
ing

has on the surface and ground water levels at the pre-

serve.
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CHAPTER I
INTRODUCTION
A Statement of the Problem
The Kleinstuck Nature Preserve is located in the NE
1/4, NE 1/4, sec 28, Township 2 S., Range 11 W, Kalamazoo
County, Michigan.

This is approximately 1/4 mile ESE and

uphill of The City of Kalamazoo Pumping Station No. 4
(Figure 1).

In recent

years a controversy has arisen a

bout the effect that pumping at Station No. 4 has on the
surface water levels of the wetlands at Kleinstuck.

It was

suspected that the declining water levels at the marsh were
due to the pumping at Station No. 4.

The present hydrogeo

logical investigation was initiated in November 1988.

The

goals were to find out what the effects of Station No. 4
are on the levels of surface water and ground water in the
area and to find out what other factors, if any, might also
be affecting the water levels at the Kleinstuck Marsh.

1

2

5 inches = 1 mile
Contour interval is 20 ft.
Figure 1. Topographic Map of the Kleinstuck Marsh and
Kalamazoo Station No.4.
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History
The 50-acre Kleinstuck Nature Preserve was deeded to
the Michigan Board of Education on December 7,
Caroline C. Kleinstuck for one dollar.

1922 by

This deed stipu-

lated that the preserve is to be used for educational
purposes or the deed would revert to the heirs of the
Kleinstucks.

The Kleinstuck Preserve was put by the State

Board of Education under the supervision of Western Mich
igan University, then known as Western State Normal School.
Since the Kalamazoo area was settled in the early
1800s, the

Kleinstuck Marsh has undergone many changes.

In the late nineteenth century and early twentieth century
Kleinstuck was first logged and then mined for peat.

The

logging permitted erosion and the peat mining changed the
hydrology of the wetland from ombrotrophic or bog conditions, to mesotrophic conditions or a poor fen.

At the

time the Kleinstuck peat bog in Kalamazoo had the only peat
digger in Michigan.

The peat was mined down to the marl

that underlies the bog.

This indicates that at one time

the marl separated the surface water from the groundwater
forming a confining layer, on which a bog forms.

On April

27, 1927, the student body of Western State Normal School,
under the supervision of Dr. Leslie Kenoyer, marched to the

preserve to plant trees and shrubs.

This planting was

completed with the hopes of controlling the erosion and
increasing the fertility and moisture of the soils-in the
Bird houses were also constructed by the students

area.

and placed at the preserve to serve as havens for migrating
birds.

Today a large variety of birds can be found at

Kleinstuck year round, and it is a popular viewing area for
the Audubon Society and other area bird watchers.
In 1929 The Michigan Board of Education gave the City
of Kalamazoo permission to build a sewer outlet at the
Kleinstuck Preserve.

Then in 1939 the Preserve was given

the title of State Wildlife Sanctuary.

In 1950 declining

water levels were first perceived to be a problem at
Kleinstuck.

In response to concerns over the declining

water levels, vegetation was planted that year by students
of Western Michigan University.

It was hoped that the

planting would improve the decreasing water levels.

The

City of Kalamazoo began construction on Kalamazoo's Station
No. 4 in 1950. In 1951 Dr. Ann V. Fuller was appointed the
new

chairperson

of

the preserve

by

Western

Michigan

University and served through 1967.
In 1961 big changes came to the Kleinstuck Nature
Preserve.

A moat was excavated by well-meaning residents

around the perimeter of the marsh.

The construction of the

4

moat was expected to increase the amount of surface water
thus attracting more waterfowl and wildlife to the area.
At the request of Ann Fuller, a soil and water conse-rvation
survey was conducted on the Kleinstuck Preserve by the
United States Department of Agriculture in 1961.

The re

sults of the study showed that the soil in the southwestern
section of the preserve is the Spinks loamy sand. This soil
is on very steep slopes ranging from 12 to 25% with mod
erately low moisture.

This study revealed that this area

required land management such as planting trees and shrubs
to control the erosion.
preserve also consists

The southeastern section of the
of Spinks loamy sand, with lower

slopes, lower moisture, and less fertile soil.
land management was recommended for this area.

Intense

The Oshtemo

loamy sand is present in the area north of the marsh and
also required intense land management.

These steep slopes,

12 to 25 percent, have low fertilities and also required
intense land management.

The Kerston muck was identified

in the marsh area.
In 1963 another planting was carried out. It was hoped
by the university that the planting would rehabilitate the
area and control erosion.

Also that year a sewer line was

constructed along the east end of the preserve.

This sewer

line construction is thought by many of the present res-

5

6

idents of the area to be the cause of declining water lev
els at Kleinstuck.

This hypothesis is discussed in later

chapters.
The years
preserve.

1965 and 1966 brought problems to the

The new Michigan Constitution of 1963 said that

all property that the State Board of Education held "for
the use and benefit" of Western Michigan University should
become the property of the board of control of that institution.

So on this basis a request was made by Western

Michigan University President James W. Miller for the deed
to the property so that Western Michigan University could
give the property the attention that it needs.

However,

the deed to the property specifically stipulates that if an
attempt is made to transfer the deed or sell the property
then it is to automatically revert to the heirs of the
Kleinstucks.

So the deed remained property of the Michigan

Board of Education.

Because of the questions about the le

gal status of the preserve in 1965 and 1966, financing for
maintenance programs was nonexistent.

Development of an

outdoor education program was not included in the planning.
Apathy and lack of participation by all were evident.
Ray Deur replaced Dr. Ann V. Fuller as Chairperson of
the preserve in 1967.

Since Mr. Deur accepted the position

there have been few records kept and little has been done

to the preserve.

At this time the student body and the

public had lost interest and respect for the preserve.
Several proposals were drafted in an attempt to spark
interest in the area.

These included short-term projects

such as posting signs that stated there was to be no lit
tering, no hunting, no fires, and no picking of vegetation.
Longer term proposals included restricting roads and utility lines in the preserve.

There was also a proposal to

develop a guide to the preserve.

The guide would state and

locate the types of vegetation that could be observed along
the paths at the preserve.

The guide was completed with

the title Twenty Points of Interest and Proposed Planting
and Care of the Kleinstuck Nature Preserve.
In October 1972 a pumping test was done to observe the
effects of Station No. 4 on the immediate area using a
U.S.G.S. observation well located at the southern boundary
of Station No. 4(Figure 1).

This test was inconclusive but

did calculate a transmissivity of 367,000 gallons per day
per foot.

It wasn't until 1987 that these data were used

correctly to plot a time-drawdown graph and Theis type
curve matching.

During this time a pond survey was carried

out by E. and J. Aquatics of East Lansing Michigan.

The

results of the study said that the area was highly urban
ized and the marsh was a classic example of lake succession

7
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in progress.
By

197 3

erosion was very evident and litter was

everywhere. The many footpaths were used frequently by res
idents of the area. These footpaths were and still are used
today by the Y.M.C.A. as jogging tracks.
caused erosion, which was left unchecked.
lies formed along many of them.

These paths

As a result gul

These gullies then allowed

sediments to be deposited in the pond.
In 1978 a proposal was made to locate two multi-family
units on the property east of the preserve.
would have consisted of 108 units each.

The dwellings

Construction of

these complexes was opposed by members of the staff of
Western Michigan University's Biology department because
they would have brought increased traffic to the preserve
and very few benefits.

The Residents of the area rallied

together to stop this proposal as well.

A group of resi

dents was formed called the "Cherry Street Irregulars."
They wanted the area to be rezoned from the multi-family
zone seven to the zone eight single-family dwellings.

In

1979 the decision was made by the Kalamazoo City Commission
to rezone the area to zone eight to protect the preserve,
citing mostly environmental concerns.

However the new zon

ing did allow, in special circumstances, that it can in
clude what are known as planned unit developments (PUDs).

9

A PUD classification allows duplexes and townhouses, but
has a stricter density requirement than zone seven.
The early 1980s brought more changes to Kleinstuck.
Five new wells were completed in December of 1982
Station No. 4 to bring the total to 10 pumping wells.

at
The

amount of water pumped from the station remained relatively
low until 1985 when 1,795,000 cubic meters were pumped.
The pumping remained high during this period and it was
reported that the water level at Kleinstuck marsh was lower
than in the past.

Residents in the area expressed concern

over the declining levels.

One resident thought the lower

levels might be a result of the storm sewers not working
properly.

This idea was investigated and dismissed by the

City of Kalamazoo Public Utilities.
Members of the Public Utilities staff started getting
concerned about the water levels at Kleinstuck in 1986.
The greatest concern was related to low water levels in the
Kleinstuck pond during a time of ample rainfall.

Low pond

levels seemed to coincide with increased pumping at Station
No.

4.

In 1986 and 1987

Station No. 4 was pumped at a

higher than normal rate to make up for the shutdown of
Station No. 11 where contamination had been discovered.

In

1987 the Ohio Drilling Company was hired to do some testing
to verify whether pumping at Station No. 4 could lower pond

water levels at Kleinstuck.

Using well records it was de

termined that two aquifers were present at Station No. 4.
The results of the pumping tests showed that the lower
aquifer is receiving recharge from the upper aquifer and
surface waters in the area.

This is a result of infiltra

tion of groundwater through the leaky confining layer that
separates the two aquifers.
more detail later.

These tests are discussed in

It was noted by the Ohio Drilling

Company that no observation wells had been drilled at
Kleinstuck and that further study was needed.

In this way

observations of water levels the Kleinstuck Preserve could
be correlated with pumping rates at Station No. 4.
In the summer of 1988 drought conditions prevailed in
Michigan, adding to the water level problems at Kleinstuck.
During this drought the author first visited the Kleinstuck
Nature Preserve.

The pond was completely dry.

Old tires,

TV stands, and other garbage dumped in the pond before it
dried up were exposed.

Students for a Sustainable Earth,

an environmental group at Western Michigan University, be
came involved in the preservation of Kleinstuck.

The group

cleaned up the garbage, initiated erosion control measures,
and maintained the trails.
In the fall of 1988 the author, a hydrogeology grad
uate student at Western, contacted Mr. Bruce Minsley, the
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city's Deputy Director of Public Utilities.

The author

wanted to investigate the hydrogeology of the area as a
term

project

Western.
the

for

the

Environmental

Geology

class

at

It was suggested by Mr. Minsley that the study of

Kleinstuck Marsh would be an appropriate Master's

thesis project.

The author accepted this thesis project

and monitoring the water levels at Kleinstuck was begun in
March 1989.
July of 1989.

Three observation wells were drilled there in
They were monitored for 15 months until Oc

tober 1990 and then correlated with pumping at station 4
and precipitation records.

A pumping test was performed

during the period from October 22 - November 3, 1990, util
izing these observation wells.

The results were more dra

matic than expected showing a direct hydrogeological link
between Station No. 4 and the Kleinstuck Nature Preserve's
surface water and groundwater.

11

CHAPTER II
GEOLOGY
Regional Geology
Glacial drift in the Kalamazoo area is underlain by
the Coldwater Shale.

The Coldwater Shale was deposited in

the area covering the Michigan Basin during the early
Mississippian period, approximately 325 million years ago.
Bedrock elevations in the area range from under 500 ft. to
over 800 ft. above sea level (Figure 2).

The glacial drift

that overlies the bedrock is of Wisconsian age
posited

approximately

thickness in the

14,000 years ago.

and was de

Glacial drift

area ranges from 100 ft. to 600 ft.

The

thinnest deposits generally are situated on outwash plains
and over bedrock highs. The thickest deposits are generally
situated on moraines and over bedrock lows.
The principal glacial landforms that exist in the re
gion are the Kalamazoo Moraine to the west of the study
site, the outwash plain to the south, and Kalamazoo River
Valley to the north (Figure 3).

The Kalamazoo Moraine in

the region trends northeast-southwest in the western four
townships of Kalamazoo County where hummocky till deposits
12
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make up the surface geology.

On the east side of the mo

raine, at the study site, the surface deposits are thin
To the north of the study area,· in the

till on outwash.

Kalamazoo River Valley, are deposits of alluvium consisting
of lake bed and stream deposits, and eroded till and outwash deposits.

East of the study area outwash makes up

most of the surface geology.
Local Geology
The

Kleinstuck

glacial kettle

Nature

Preserve is situated in a

near the base of the Kalamazoo Moraine.

The kettle is within the boundaries of the preserve.

This

kettle was formed when an ice block had been buried by
glacial drift and then melted away.

This resulted in sub

sidence of the overlying material leaving a depression.
The kettle at Kleinstuck is part of a chain of kettles that
includes Pikes Pond, Woods Lake, and Asylum Lake.

This may

suggest a preglacial or interglacial valley in which ice
blocks persisted.

The Kalamazoo Pumping Station No. 4 is

located downslope of the preserve at an elevation of 768
ft.

This is approximately 50 ft. lower than the pond at

Kleinstuck (815 ft.) and is located 2200 ft. to the NE.
Sediments in the vicinity are made up mostly of gla
ciofluvial sand and gravel with lenses of clay-bearing ma-

15

terial.

These lenses were probably formed as either lake

deposits, or as clayey sand and gravel such as till or mud
flow deposits.
In 1968 Ibrahim, a geology graduate student, mapped
the bedrock topography of the area using gravity methods
(Ibrahim 1968).

Figure 2 shows the bedrock topography map

of the Coldwater Shale. According to the map, a buried bed
rock valley exists less than a mile to the west of the
Kleinstuck marsh.

It runs north-south and is approximately

three miles long.

Then the bedrock topography rises sharp

ly to the east of this buried valley and reaches a bedrock
high under the Y.M.C.A. and then slopes away to the east.
This bedrock high is situated between the Kleinstuck Marsh
and Station No. 4 and probably influences the hydrogeology.
The drift thickness ranges

widely from less than 75 ft.

under the Y.M.C.A. to over 300 ft. at the western boundary
of the Kleinstuck Nature Preserve.

This is because the

preserve is situated on the Kalamazoo Moraine (Figure 3),
comprised of glacial till,

and the Y.M.C.A is situated

above the bedrock high which pinches out the till to the
east toward Station No. 4.
The geology at the Kalamazoo Municipal Pumping Station
No. 4 is comprised mostly of till on outwash (Figure 3).
The drift is approximately 190-200 ft. thick at the site.

16

At the surface, before the well field was installed, was a
deposit of muck and peat 10 ft.

thick.

These organic

materials are underlain by till deposits of gravel� sand,
and clay to a depth of approximately 60 feet.

Beneath the

till is a unit consisting of mainly ·sand and gravel with
some clay.

Sieve analyses performed on samples from wells

no. 3, no. 7, and no. 8 at various levels indicate a var
iety of different deposits from till to glacio-fluvial sed
iments.
Two cross-sections were constructed (see Figure 4) for
Station No. 4.

Cross section A-A' (Figure 5) is a west to

east profile and cross section B-B'
north to south profile.

( Figure 6) shows a

From the cross sections it is evi

dent that a two-feet thick lens of clay, referred to by the
well drillers as hardpan, exists at about 50 feet.
"hardpan" which was penetrated in wells #2,

#4,

This
and #5

(Figures 5 & 6) is discontinuous and only exists in the
southwest corner of the well field.
The United States Geological Survey has an observation
well on the southern boundary of Station No. 4 next to
Peeler Street (Figures 1 & 4).

It was installed in 1969 to

monitor the ground-water levels at Station No. 4.

The well

is approximately 45 ft. higher in elevation than the well
field but is only 200 feet from it, indicating there is a
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steep hill between the U.S.G.S. well and the well field.
The drillers log of the U.S.G.S. well shows a thick clay
layer (17 ft.) at about the same level as the hard pan pre
viously discussed at the well field.

This probably corre

sponds with the hard pan and defines the confining layer in
the southwest corner of Station No. 4 between the upper and
lower aquifers.

However, because the clay layer is dis-

continuous in the northeast corner of the well field it is
possible that confined conditions do not exist there and
that a single integrated open aquifer exists there.

This

is supported by the pump test of November 1990 and will be
discussed more completely in Chapter III.
Our knowledge of the geology between Station No. 4 and
the Kleinstuck Nature Preserve is somewhat sketchy.

Topo

graphically there is a deep ravine, which is apparently an
ancient stream bed and drainage way which was formed during
glacial periods between the two locations
Today,

(Figure 7).

after the ice has melted and the melt water has

drained away, no surface water flows through this ravine.
The ravine cuts

through the glacial drift deposits at the

kettle near well K2 and winds around until it reaches the
Y.M.C.A. property near well Kl.
is less pronounced.

At the Y.M.C.A. the ravine

This may indicate that the stream emp

tied into a lake at this point.

This is supported by the
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Contour interval is 4'
Figure
Map of Cross Section C - C' ( Figure 8)
station No. 4 ·to·· well KJ·:··

From

fact .that alternating coarse and fine lake sediments in
lake clay are present in the log of well Kl as well as
fluvial sediments.

The well logs of the Y.M.C.A. bore

holes and well K2 reveal moderately sorted coarse to medium
sand that fines upward.

These glaciofluvial sediments are

highly permeable and are located in the ancient stream bed.
Cross section C-C'

( Figure 8) shows an east to west

vertical profile from the City of Kalamazoo's Station No.
4 to the western end of the Kleinstuck Preserve.
well K2 is the Kleinstuck Pond.
layer about 36 inches thick.

East of

It is underlain by a clay
Evidence of this clay layer

was found on the trail between K2 and the surface water
staff No. 1 at the east end of the pond.

It is a very

thick blue clay that outcrops on the trail (see Figure 9,
borehole No. 2).

Another borehole was drilled (No. 13)

closer to the pond than No. 2.

The top 5 feet of the ma

terial penetrated by the boring is hydric soil and sandy
muck.

Beneath this is interbedded clay, sand, and peat,

above a layer of clay approximatly 1 foot thick.

The water

level in the borehole was measured periodically during the
boring and it was discovered that the water level went down
slightly

(0.12

feet)

after the

first clay layer was

breached.

This suggests that the ground water is being re

charged at the eastern end of the pond.

Clay layers were
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Figure 9. Map Showing the Locat�ons of Boreholes at the
Kleinstuck Nature Preserve.

also penetrated at 8 to 8.5 feet, and again at 10 to 11
Borehole No. 11 was drilled at the surface water

feet.

staff No. 1 which did not yield any clay layers. ·This is
where

the

ancient

drainageway

that

is

Kleinstuck Pond and Station No. 4 begins.

between

the

Perhaps the clay

layer was incised there by the stream.
Borehole No. 1 is located on shore near surface water
staff No. 2 and had two clay layers present.

The first

clay layer was found at 2 feet of depth and is approximatly
1 foot thick.

The second clay layer was found between the

4 foot and 5.5 foot depth.

It is a blue clay very similar

to the clay found at borehole No. 2.
Directly across the pond to the south from borehole
No. 1 is the dock and borehole No. 5 which was drilled 6
feet offshore.

No solid clay was found in the moat, but

there was a calcareous clay mud present. Borehole No. 4 was
drilled onshore at the dock location.

Again, as in bore

hole No. 1, two clay layers are present. One at the 3-3.5
foot level and the other at a depth of about 5 ft.

It is

important to note that after the first clay layer was
breached the water in the borehole rose 18 inches indi
cating discharging conditions at that spot. Also, clay was
encountered in the dredging mounds along the trail at this
site supporting the contention that the clay layers under
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the pond were breached by the dredging.
Boreholes 6 and 7 are located approximately 230 ft.
west of boreholes 4 and 5.

Borehole No. 6 was drilled in

the swamp to the west on the other side of the mounds from
the pond.

The upper 3.5 feet consists of peat which is un

derlain by a layer of soft clay high in organic material.
From 4.5 to 7.5 feet the clay is lighter in color with many
small aquatic shells present.

There is a rather dense clay

from 7.5 to 8.5 feet underlain by alternating layers of
clay with more organic material and shells.

A layer of

marl (calcareous clay) is present at a depth of 9.75 ft.
with no shells and then below that clay with shells until
at a depth of 10.75 feet a medium coarse grey sand was pen
etrated.
Borehole No. 7 was drilled in the moat near Borehole
No. 6.

The upper 3 feet is peat underlain by peat with

clay, soft clay, and organic matter down to 9 ft.
depth rose colored marl was penetrated.

At this

In·the bottom 1.5

ft. of the boring this unusual material gives way to green
marl to 10.5 ft.

This marl-like clay is less dense than

the marl in Borehole No. 6 being somewhat softer.

There

seems to a big difference between Boreholes 6 and 7 in that
the sediments in Borehole No. 6 are undisturbed compared
with Borehole No. 7.

This suggests that digging occurred

in the area of Borehole No. 7 at sometime in the past.
On the northwest side of the Kleinstuck Pond Borehole
No. 9 was drilled onshore.

At this location is a hydric

soil high in organic material down to 2.8 ft. where the
soil becomes more sandy.

Clay was ancountered at 4.2 ft.

followed by alternating lenses of sandy clay and sand
lenses and at a depth of 6 feet
present.

a very coarse gravel is

It's also important to note that at this location

the water level in the borehole rose from a depth of 2.5
ft. deep to 1.55 ft. after the upper clay layer was pene
trated.
Well K3 is located at the southwest corner of the pre
serve at the end of Chevy Chase street on the opposite side
of the kettle from the well field.

The well was drilled

through 5 ft. of very dense clay which is brown between 14
- 15 feet and black .from 15-19 ft. deep.

This difference

in color, at 15 ft., indicates the change from oxidizing to
reducing conditions in the clay where the static water
level exists.

The clay is underlain by glaciofluvial sect-

iments consisting of sand and gravel.

This monitoring well

was drilled to investigate the hydrogeological connection
between Pikes Pond, located to the south of the Kleinstuck
Nature Preserve, and the Kleinstuck Pond. Bruce Minsley,
Deputy Director of the Kalamazoo Public Utilities, feels
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there has been a change in the hydrology at the base of the
ancient drainage way between Pikes Pond and the Kleinstuck
Pond since the 1970's.

People who live in the area agree

that the spring at the base of the ancient drainageway made
the trail there very muddy but in recent years has dried
up.

It was suggested by Bruce Minsley that Pikes Pond may

be silting over, decreasing the recharge to the aquifer.
In the fall of 1988 an enviromental group from Western
Michigan University, Students For a Sustainable Earth, dug
drainage ditches on the trail.

This lowered the water

level of the spring and channeled the return flow of the
spring into a nearby creek. This drainage, combined with
railroad tie barriers between the spring and the trail,
probably accounts for the reduction in the wet condition on
the trail.

A borehole (No. 3) was placed at this loca-

tion to determine if a connection existed between the clay
present at the wetland and the thick clay layer at well K3
but no such layer was encountered.
To truly understand the geology between Station No. 4
and the Kleinstuck Nature Preserve more drilling would be
necessary.

Deep wells greater than 100 feet in depth

should be nested with the shallow water table wells Kl and
K2.

This was not possible during this project due to budg

et restraints with the City of Kalamazoo and the fact that
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the Western Michigan University Geology Department's drill
rig cannot drill that deep.

The wells should be logged in

order to ascertain the depth of any confining layers.

The

questions of whether the clay layer in the southwest corner
of Station No. 4 is continuous toward-the preserve, how far
it extends, and at what depth it is present are very impor
tant to an understanding of the hydrogeology of the area.
Another question is; if the clay is not continuous, then
does a till confining layer exist?
Because of the rapid response between pumping and wa
ter levels at the Preserve, which will be covered in later
chapters, it is possible that fractured till may exist and
be contributing to this hydrogeological connection.

Also,

nested wells would indicate whether recharge or discharge
is taking place.

If the water levels in the deeper wells

are lower than the shallow wells, recharge is taking place;
and if the water levels of the deeper wells are higher than
the levels of the shallow wells, discharge is taking place.
Soils
Soils in the area of the Kleinstuck Nature Preserve
and Kalamazoo's Municipal Pumping Station No. 4 are con
sidered urban land.

The Soil Survey of Kalamazoo County,

Michigan, describes urban land as areas where the soil is
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so disturbed that it is very difficult to indentify the
soil type.

This is the case on the land to the northwest

and north of the Kleinstuck Preserve in the Cherry Street
neighborhood.
The soils map (sheet number 33) · in The Soil Survey of
Kalamazoo County, Michigan, shows that the preserve and
pumping station consists mostly of UoD soil.

This

is the

Urban land-Oshtemo complex which has 12 to 25 percent
slopes.

It is a hilly, well drained soil on upland areas

bordering stream flood plains or terraces on moraines and
outwash plains.

At both the Kleinstuck Nature Preserve and

the pumping station the soil is developed on an outwash
plain (Figure 3).

Permeability is moderately rapid in the

Oshtemo soil with rapid surface runoff.
ter capacity is moderate.

The available wa

Because of the steepness of the

slopes and instability of the soil this unit is poorly
suited for building site development and sanitary facil
ities.
According to the Kalamazoo County Soil Survey a typ
ical Oshtemo soil has a surface layer of dark brown sandy
loam about 8 inches thick.

Underlying that is a yellowish

brown sandy loam subsurface layer about 10 inches thick.
The entire subsoil is about 50 inches thick.

It ranges

from a dark brown sandy loam in the upper part to dark
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yellowish brown loamy sand in the middle part, and banded
dark brown loamy sand and yellowish brown sand in the lower
part.

The solum, or upper part of the soil profile just

described, is typically 50 to 70 inches thick but ranges
from 45 to 75 inches thick.

Pebble content ranges from 0

to 30 percent with a few cobbles and stones in some areas.
The Kleinstuck Marsh, located in the middle of the
preserve, is mapped as Ug which is the Urban land-Glendora
complex.

Ug is also present in the northwest corner of

Station No. 4 where groundwater discharge is taking place.
The Glendora Complex is described as a very poorly drained
soil in nearly level areas of urban land.

It occurs near

ponds and along streams and is prone to frequent flooding.
The Glendora soil has rapid permeability, slow runoff and
low available water capacity.

It is ideal for wetland

wildlife habitat and is generally not suited for building
site development and sanitary facilities because of the
high water table and flooding.
A typical Glendora soil has a surface layer of black
sandy loam about 10 inches thick.

The underlying material

goes down to a depth of about 60 inches and has alternating
layers of multi colored sand with thick layers of black
loamy sand and muck.

The layers of this soil are highly

variable in sequence and thickness within a horizonal dis-
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tance of a few feet.
The area to the south, southwest, and southeast of the
Kleinstuck Preserve and Municipal Pumping Station No. 4 is
mapped as UkC, Urban land-Kalamazoo complex, on 6 to 12
percent slopes.
soil on uplands.

This unit consists of rolling well drained
It is moderately

permeable in the upper

part and rapidly permeable in the lower part.

Surface run

off is medium to rapid and �he available water capacity is
moderate according to the Kalamazoo County Soil Survey.
A typical Kalamazoo soil has a surface layer of dark
grayish brown loam about 9 inches thick.

The subsoil is

dark yellowish brown and dark brown and is about 44 inches
thick with loam in the upper part, then clay loam and a
loamy coarse sand in the lower part.

The substratum is

yellowish brown gravelly sand down to about the 60 inch
depth.

The depth to calcareous material ranges from 41 to

70 inches and pebble content is from Oto 30 percent.

CHAPTER III
HYDROGEOLOGY
Regional Hydrogeology
The direction of regional groundwater flow in the area
of the Kleinstuck Nature Preserve and Kalamazoo Pumping
Station No. 4 is generally to the northeast.

This direc

tion of groundwater flow follows the kettle lake chain that
includes Asylum Lake,
Kleinstuck Marsh.

Woods Lake,

Pikes Pond,

and the

A very large discharge area, or spring,

exists at the western end of Asylum Lake on the west side
of Drake Road.

The surface water then flows through a via

duct under Drake Road and empties into Asylum Lake.
Asylum Lake is connected to Reed Lake by a small
stream.

Then the surface water flows south toward the West

Fork of the Portage Creek which eventually empties into the
main stream of Portage Creek and then into the Kalamazoo
River to the northeast.

Because of the topography, with

groundwater flowing from higher to lower elevations, some
of the surface water at Reed

Lake recharges

the groundwa

ter and flows to the west towards Woods Lake which is at a
slightly lower elevation.

There is no surface water flow
34

between Woods Lake, Pikes Pond, and the Kleinstuck Marsh so
groundwater is the principal connecting pathway (see Figure
7).

At the eastern end of Woods Lake recharge takes place

and flows toward Pikes Pond which is 9 feet lower in ele
vation than Woods Lake.

This is called a flow-through lake

because groundwater enters the

lake at one end and then

exits at another end and continues as groundwater flow.
Local Hydrogeology
Pikes Pond would also be considered a flowthrough
system because it is situated between Woods Lake, which is
a higher elevation and 1,000 feet away, and the Kleinstuck
Marsh, which is 26 feet lower in elevation and approxi
mately 1,100 feet away.

Another ancient surface drainage

way exists between Duck Lake, Woods Lake, Pikes Pond and
the Kleinstuck Marsh with the most prominent being between
Pikes Pond and the Kleinstuck Marsh.

In fact, during pre

cipitation events an intermittent stream still flows from
runoff down this valley and then enters an existing stream
that flows into the marsh.
Well K3 was drilled at the top of the ancient surface
drainageway between Pikes Pond and the Kleinstuck Marsh
(see Figures 1 & 7) to monitor the groundwater levels over
a 15-month period.

A clay layer approximately 5 feet thick
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is present from 14 to 19 feet deep.

The color of this clay

layer changes from brown to black at a depth of 15 feet.
This change suggests that the long term water table is at
the 15-foot level because oxidizing conditions exist in the
brown clay, and the black clay below the long term water
table is under reducing conditions.

A slug test was per

formed on May 11, 1989, and the hydraulic conductivity,
which is a measure of the rate of groundwater flow velo
city, was calculated to be 2.4 X 10-4 cm/sec.
The water levels measured ranged from 13.15 feet
14 .13 feet over the 15-month period of the study.

to
This

discrepancy can probably be attributed to the fact that the
clay layer was acting as a confining layer, and when it was
breached the groundwater was able to rise to the level o)'
the potentiometric surface.

The potentiometric surface is

defined as the level to which groundwater will rise in a
cased well due to the water pressure under the confining
layer.
This clay layer may extend further to the north in the
downhill direction toward the Kleinstuck Preserve.

A long

ravine was formed from surface runoff between Pikes Pond
and Kleinstuck in the past.

At the base of ancient surface

drainageway between Pikes Pond and the Kleinstuck Marsh are
two springs.

These springs may be where the clay termi-
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nates with seepage occurring from under the clay.

A soil

boring {Figure 9, No. 3) was drilled near this seepage area
in an attempt to find the clay, but no clay was fou·nd down
to 3 feet deep.
The springs then flow as return flow into a creek that
exists at the base of the ancient surface drainageway.
This creek eventually drains into the Kleinstuck Marsh.
About 50 feet into the marsh the steam disappears into the
ground.

Because this creek is mostly spring fed, it is as

sumed that the groundwater in that area is very close to
the surface.
The hydrogeology of the Kleinstuck Marsh has been al
tered from that of a ombrotrophic bog to a mineraltrophic
fen due to the peat mining and dredging that took place
there in the past.

The evidence that the marsh used to be

ombrotrophic in the past is the fact that a large peat min
ing operation took place there.
brotrophic conditions.

Peat only forms under om

A surface water survey was per

formed in May 1990 using a YSI conductivity meter and ther
mometer.

Specific conductance and temperatures were meas-

ured at different locations around the marsh.

Specific

conductance is a measure of the ability of water to conduct
electricity.

The greater the total dissolved solids in the

water, the more specific conductance is measured indicating
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a relative groundwater influence.

Another relative measure

the groundwater influence is the affect it may have on the
lake temperature.

Generally, during the warmer seasons,

the coldest readings indicate groundwater discharging into
a lake.

This is assuming all the readings were taken at

the same depth.
The conductivity of the creek at the bridge (Figure 9,
borehole No. 3) was measured at .494 mmhos/cm A 2 and the
temperature was 14.1 degrees C.

This is a relatively high

conductivity and low temperature because the creek is
groundwater fed via the seepage that occurs near borehole
No. 3.
At the western end of the Kleinstuck Pond, which is
part of the Kleinstuck Marsh, the highest conductivity and
lowest temperatures were recorded in the pond near borehole
No. 9 ( Figure 9) .

The conductivity ranged from .515 to

.559 mmhos/cm A 2 and temperatures ranged from 18.7 to 19.2
degrees C. near the shore.

In the deeper water at this lo

cation the conductivity was .519 mmhos/cm A 2 and the temperature was down to 14.9 degrees C.

Midway between the

west and east ends of the pond the values recorded were
very similar.

At surface water staff No. 2 (or borehole

No. 1) the conductivity was measured at .435 mmhos/cm A 2
with a temperature of 21.1 degrees C. and on the southern
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shore at the dock location (or borehole No. 5) the con
ductivity was .421 mmhos/cm A 2 and the temperature was 23.4
degrees C.
The eastern end of the pond generally has the lowest
conductivity reading and highest temperature.

At boreholes

numbers 11 and 13 the conductivity was .405 mmhos/cm A 2 and
the temperature was 23.8 degrees C (Figure 9). Because of
this decrease in conductivity and increase in temperatures
toward the east it is thought that this is a flow-through
pond with groundwater discharge taking place on west end
and recharge on the eastern end of the pond.

This is sup

ported by the fact that the regional flow is generally be
lieved to be in that direction.
Water levels were measured when the soil borings were
taken and will be described from west to east across the
marsh.

At borehole No. 9, at the western end of the pond,

it was observed that the water level in the borehole rose
from the 2.5-foot depth to 1.55 feet after the clay was
breached (Figure 9).

After the clay layer was breached the

water levels in boreholes No. 1 and No. 4 also rose.

At

borehole No. 1 the water rose approximately 0.5 feet and at
borehole No. 4 the water level rose approximately 0.8 feet.
This rise in the water levels in the boreholes after the
clay was breached did not occur at the eastern end of the
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pond when boreholes No. 11 and No. 13 were excavated.
This evidence points to artesian conditions being
present at the western end of the pond where discharge is
taking place.

This is due to the groundwater creating

pressure under the clay layer until it reaches the pond.
At the eastern end of the pond this is not the case, fur
ther supporting the contention that this is a flow-through
pond with the surface water moving from west to east.

The

topography of the Kleinstuck Nature Preserve also supports
this idea: the elevations to the west are generally higher
than they are to the east, indicating that the downgradient
direction is to the east and northeast.
Well K2 was drilled to monitor the groundwater levels
near the Kleinstuck Marsh (Figure 7).

It is approximately

31 feet deep and is screened in coarse sand and gravel.
The top 1 foot of the profile is topsoil followed by 7 feet
of medium sand, 5 feet of coarse sand, and 18 feet of sand
and gravel.

This fining upward sequence indicates fluvial

deposits as this was where the meltwater from the glacial
kettle drained.

A slug test performed on Well K2 measured

the hydraulic conductivity to be 2.8 X 10-3 cm/sec which is
relatively high.
At about the 13-foot depth the sand changes color
from brown to grey.

This change from brown to grey is

where the transition begins from the unsaturated zone to
the capillary fringe going from oxidizing conditions to re
ducing conditions. At 23 feet the color of the sand-chang
es from grey to black where only reducing conditions exist
below the water table.

This is supported by the fact that

static water levels measured were at that general level
throughout the 15-month study.
The water levels between the pond and well K2 differed
by about 3 feet in elevation within a distance of 192 feet.
This is a rather steep gradient with a slope of .016.
Between K2 and Kl, which is located 620 feet to the east
north east, the gradient becomes less pronounced at .003
even though the slope of the surface topography is .03.
This is possibly due to a bedrock high that exists in that
direction (see Figures 2 & 8).

The bedrock high may be

acting as a dam for the groundwater which creates a slight
mounding effect in the area.
The groundwater level at Kl is only about 5 feet below
the surface probably because of this mounding affect.

The

first 2.5 feet of the profile is a hydric soil or muck.
Then the next 20.5 feet of the well profile is fluvial sed
iments of sand and gravel. The hydraulic conductivity was
determined to be 1.9 X 10-3 cm/sec measured from the re
sults of a slug test· on Well Kl.

The hydraulic conductiv-
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ities of Kl and K2 are considered to be relatively high,
but are within the range of glacial outwash and well sorted
sand between 10-3 to 10-1 cm/sec.

Slug tests on wells Kl

and K2 also indicated, from the slopes of the curve match
ing, that there was leakage without ·much storage in the
surface aquifer.
The Y.M.C.A. parking lot, which is paved, is situated
between well Kl and Station No. 4.
lem.

It has a flooding prob

This is probably due to the mounding affect caused by

the bedrock high under the Y.M.C.A.

In the past the park

ing lot of the Y.M.C.A. was saturated whenever it rained
because of the high watertable.

The solution to this prob

lem was to install a tile field under the parking lot.
This effectively lowered the head so that runoff could oc
cur into the drainage system which would then empty into
the city storm drain system.

This explains why the surface

is no longer saturated at well Kl where muck was formed

' .
prior to the tile field being installed.

Soil borings by

Stapert, Pratt, and Sprau, Inc. in 1970 also show this muck
in the vicinity of the parking lot before the tile field
was installed.
This tile field is not only beneficial to the drainage
of the parking lot, but it is also beneficial to the base
ment of the Y.M.C.A.

At the southwest corner of the build-
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ing the static water level of the groundwater was at an el
evation of 801 feet before the tile field was installed and
the floor of the basement has an elevation of 796 feet.
This high water level caused terrible flooding problems and
a sump pump ran constantly to overcome this problem.

Even

with the sump pump running 24 hours a day there was still
seepage through the walls of the basement in the southwest
corner of the building.

A wooden bridge was constructed in

the basement so that people would not get their feet wet
when walking through this area.

Today the tile field has

lowered the head approximately 3 ft. so that the seepage is
not as bad in the

southwest corner of the basement which

is referred to by the employees as "the swamp".
The tile field at the Y.M.C.A. parking lot empties
into the City of Kalamazoo storm drain system on Hudson
Street.

From that point it follows the storm drain 540

feet to east through the drain and discharges into a wet
land near Kalamazoo Municipal Pumping Station No. 4.

The

rate of discharge from the tile field was measured at the
manhole closest to Hudson Street on two separate occasions.
A weir, which is specially designed for round pipes, was
fitted into the 24-inch diameter pipe which discharges from
the tile field into the storm drain system at that point.
The first time the discharge from the pipe was meas-
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ured was April 25, 1990.

After equilibrium was achieved

the rate of discharge fluctuated between 84,600 gallons/day
and 92,600 gallons/day.

The last precipitation event was

4 days earlier when 0.63 inches of rain fell; no runoff was
occurring in the parking lot at that time.

The second time

the discharge rate was measured was on July 31, 1990.
discharge ranged from
lons/day.

The

78,000 gallons/day to 88,850 gal

The closest precipitation event was 9 days ear

lier on July 22nd when 0.52 inches of rain fell.
The specific conductance of the discharge from the
tile field was measured at 0.535 mV/cm A 2 and the temper
ature was 11.2 degrees centigrade.

Iron oxide was observed

in the pipe coming from the tile field.

The relatively

high specific conductance, low temperature, and iron oxide
all indicate that the water discharging from the pipe is
almost all groundwater that is draining from the area of
the parking lot.

This drainpipe acts as a direct conduit

for the groundwater from the Y.M.C.A. parking lot east to
Station No. 4 which is 540 ft. to the east.

This in turn

lowers the head in the area of the Y.M.C.A. approximately
3 feet.
The Kalamazoo Municipal Pumping Station No. 4 is ap
proximately 50 feet lower in elevation than the Kleinstuck
Marsh.

It is situated in a discharge area characterized by
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numerous springs.

These springs are the headwaters of

Axtell Creek which flows to the northeast along Crosstown
Parkway and then empties into Portage Creek and from there
into the Kalamazoo River.
Two aquifers are present at Station No. 4.

The upper

aquifer is unconfined or open to the atmosphere.

It exists

above a clay confining layer,

which is present in the

southwest corner of Station No. 4 at a depth of about 50
feet and above the till in the northeast corner at a depth
of 18 feet.

Between these two confining layers, (see Cross

Section B-B' Figure 6) which are not continuous, there is
an area between wells 8 and 3 where leakage is taking place
from the lower aquifer into the upper aquifer around the
discontinuous confining layer.

This is evident from the

well records and the springs that exist at that location.
This upward leakage is caused by the artesian con
ditions in the lower aquifer.

All of the production wells

at Station No. 4 are screened in the lower aquifer.

The

potentiometric surfaces for the production wells range from
8 feet above the surface to 19 feet above the surface.
During times when the production wells are not in use, the
pressure is so great that the side pipes on the wells are
open and flowing.

The rate of flow from these pipes ranges

from 40-50 gallons per minute.

The discharge from the side
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pipes then flows into the wetland, in which Station No. 4
is situated, which discharges into Axtell Creek.
It is difficult to determine the exact extent· of the
wetland at Station no. 4 because most of it was filled
during construction of the pumping station.

However, the

drillers logs from wells 1,4,6,7, and 8 record a peat muck
layer under the fill.

This organic material becomes thick

er to the north toward Axtell Creek (see Figure 6).

It is

possible then, that a bog existed at the location before
the pumping station was constructed.

Today a swamp exists

at the location with many trees present.
Previous Studies
Observation wells 86-3, 86-4, and 86-5 were drilled at
Kalamazoo Municipal Pumping Station No. 4 on September 4,
1986, by The Ohio Drilling Company (see Figure 4).

These

wells were drilled to observe changes in the water levels
of the upper aquifer during the pumping of the production
wells.

Well 86-3 is screened near the bottom of the upper

aquifer and 86-4 is screened at the top of the upper aquifer.

Well 86-5 is screened near the top of the lower

aquifer.
All of the production wells at Station No. 4 were shut
down for 24 hours on March 23, 1987 prior to the test.
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Water level recorders were mounted on each of the ob
servation wells and then the production wells (no. 2 and
no. 5) were started up, pumping collectively at 1000 gal
lons/minute.

Water levels were monitored for a period of

41 hours as the pumping rate from Station No. 4 varied dur
ing the 41 hour period. The data was then recorded on a hy
drograph (see Figure 10).
Over the 41-hour period the pumps were turned on and
off four

times which is typical of the changing demands on

the pumping station.

For the first 3 hours drawdown oc-

curred at all three observation wells.

Well 86-3, which is

screened in the lower part of the upper aquifer, had the
greatest drawdown of 1.16 feet.

Well 86-4,

which is

screened in the upper part of the upper aquifer, had the
next greatest drawdown

(0. 4 feet).

Well 86-5, which is

screened in the upper part of the lower aquifer, had the
least drawdown.

This is probably because it was farthest

from the production wells.

Note, however, that this well

responded most quickly (Figure 10) to the well shutdown af
ter 3 hours.

This is presumably because it is in the aqui

fer being pumped unlike the other 2 wells.
The production well pumps were turned off after 3
hours and wells 86-3 and 86-5 started recovering irnrnediately.

Well 86-4, however, continued to draw down for
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another hour as recharge took place from the upper aquifer
into the lower aquifer.

Six hours after the test began,

the pumps were turned on again and pumping continued for 13
hours.

The drawdown

curves of wells

86-3 and 86-5 had

similar slopes with 86-5 having a · one-hour slower re
sponse time than well 86-3.

This suggests that massive

leakage is taking place from the upper to the lower aq
uifer.
The reasoning for this is as follows: if a truly im
permeable layer were present between the aquifers, then the
response time of the drawdown would be slower for the upper
aquifer than for the lower aquifer.

It must be noted, how

ever, that well 86-3 is very close to production well #2
and that leakage could be caused by improper grouting when
the production well was installed.

The rapid response time

of well 86-4 to pumping also supports the contention that
massive leakage is taking place from the upper aquifer to
the lower

aquifer.

Even if we take into account the re

lease of water from storage in the lower aquifer as a cause
for the delayed response time then, theoretically, the re
sponse time of the upper aquifer should still be slower.
The hydrograph of well 86-4 (Figure 10) is somewhat
flatter than the hydrographs of the other wells.

This may

indicate that the cone of depression is reaching a recharge
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boundary probably in the upgradient or uphill direction
toward the Kleinstuck Marsh.

Well 86-5 had the slowest re

sponse time but most rapid recovery after the production
wells were turned off.

This is probably due to recompres

sion as recharge takes place from the· lower aquifer in the
upgradient direction and from the upper aquifer.

In fact

recovery was complete in well 86-5 in less than 45 minutes.
Neither of the wells screened in the upper aquifer re
covered completely during the 41-hour period.

There does

seem to be some evidence from this test that the upper aq
uifer is recharging the lower aquifer and that leakage is
taking place.
The distance of the observation well to the pumping
well is important when interpreting time/drawdown data.
For example, since well 86-3 is within 20 feet of produc
tion well #2, the greater drawdown of well 86-3 can be ac
counted for by the steeper cone of depression formed by the
proximity to the pumping well.

In the same manner since

well 86-4 is located farther away from the pumping wells,
then the flatter slope of the cone of depression at that
distance accounts for the flatter slope on the hydrograph.
A pumping test was run at Station No. 4 in 1972 when
wells 2 and 5 were pumped at a combined rate of 1000 gpm
after the well field had been shut down for a period of
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three days.

The pumping rate was held constant and the

pumping continued for 70.5 hours.
ured in the U.S. G. S.

Water levels were meas

observation well which is ·1ocated

about 165 feet south of the station.

The results of the

test were analyzed by the Ohio Drilling Company in 1987.
A time-drawdown graph was plotted on semilogarithmic graph
paper with time plotted on the logarithmic scale and draw
down plotted on the arithmetic scale (see Figure 11).
As a cone of depression reaches a permeable or im
permeable boundary, as pumping continues, the slope of the
straight line drawn through the points on the time-drawdown
curve will change.

After 100 minutes of pumping the slope

flattened and this was interpreted as representing recharge
from the upper aquifer.

These data were then entered into

the Graphical Well Analysis Package program and compared
with the standard curves for a confined leaky aquifer, an
unconfined aquifer elastic response and an unconfined aq
uifer delayed response.
From the curve matching they felt that the Theis type
curve for a confined leaky aquifer, with no leakage, gave
the best fit (see Figure 12).

The deviation of the data

curve from the type curve is due to leakage and recharge
from the upper aquifer to the lower aquifer.

Therefore,

the data was reinterpreted to allow for the leakage.

The
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transmissivity was calculated to be approximately 83,000
gpd per foot and the coefficient of storage was calculated
to be about 0.0003 from the Theis analysis, and T =
7.706E+00 ft. squared/min.
The conclusions drawn from this pumping test were that
a positive boundary was reached and the lower aquifer re
ceived recharge.

The amount of recharge was great, and it

is likely that as the cone of depression spread, more area
was encountered where water passes from the surface to the
aquifer.

The surface water at Station No. 4 recharges the

aquifer in which the city wells are located.

Pumping at

Station No. 4 lowers the surface water in the area.

It was

also concluded that the water on the ground surface in the
area is due to the high static water level of the aquifer
rather than from rainfall.
1990 Pumping Test
As part of this project another pumping test was run
on October 29, 1990.
were:

The objectives of this pumping test

(a) a comparison of the of transmissivity and stor

age coefficient values to the 1972 pumping test to deter
mine if the characteristics of the aquifer have changed due
to the massive pumping of the mid 1980s; and (b) observa
tion of the affects of pumping on the nearby Kleinstuck
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Marsh and monitoring wells.

The latter objective will be

discussed in the next chapter.
The entire well field of Station No. 4 was shut down
one week prior to the pumping test so that water levels of
both the groundwater and surface water would totally re
cover to static levels.

Water levels were recorded at ob

servation well 86-5 and a shallow water table well at
Station No. 4 and also at wells Kl and K2 located between
Station No. 4 and the Kleinstuck Marsh.

The surface water

staff at the Kleinstuck Marsh was also monitored during the
entire five-day period.

An attempt was made to measure the

water levels of the production wells but this was not pos
sible because the side pipes have a screen in them.

Also,

the U.S.G.S. well was not available because a key to the
well could not be obtained.
Pumping commenced at 11:31 am on October 29, 1990 and
continued for 48 hours using wells 2, 3, and 8 at a com
bined rate of approximately 2000 gpm.

The pumping rate was

held constant and pumping continued for 48 hours.

The

weather was quite pleasant throughout the entire test with
daytime highs between 55 and 65 degrees, clear skies, and
low relative humidity (55%).

The production wells stopped

pumping at 12:00 pm on October 30.

Then the water levels

were measured for three more days while recovery took
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place. A Hermit data recorder was dedicated to observation
well 86-5 during the pumping test.

All other water level

measurements were taken manually using an engineers rule.
The time-drawdown graph (Figure 13) shows drawdown at
well Kl within 2 hours of the beginning of pumping.

This

is a rather rapid response time considering well Kl is
located

approximately

1000

feet

from

Station

No.

4.

Drawdown at well K2 began within 5 hours of the com
mencement of pumping and followed a similar drawdown slope
to Kl except that it had a slower response time.

The sur

face water at the Kleinstuck Marsh began to decline after
19 hours. After 48 hours, when pumping ceased, Kl started
recovering almost immediately while the water level at K2
continued to go down for another 5 hours and then recovered
more slowly than Kl.

The surface water level (Figure 14)

at the Kleinstuck Marsh continued to go down for 3 days
after the pumping ceased.

The reason for this continued

drawdown is probably due to the steeper gradient created by
the pumping.

The normal gradient between Station No. 4 and

well K2

a slope

has

of approximately 0.017.

As pumping

commences, this slope becomes steeper as the cone of de
pression proceeds in the direction of wells Kl and K2.
Because these wells are directly upgradient from Station
No. 4, and there already appears to be a rather high hy-
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Wells K1 and K2

Pumping Test Oct 29 - Nov 3, 1990
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Figure 13. Relative Ground Water Levels for Wells Kl and
K2 During 1990 Pumping Test.
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draulic conductivity due to the fluvial sediments, the cone
of depression spreads in that direction until it reaches
the recharge bbundary of the Marsh.

But because the rate

of pumping seems to exceed the rate of recharge, drawdown
continues even after the pumping ends while the gradient
recovers.

The conclusion is that recovery takes longer

than drawdown at this pumping rate.
The data recorded during the pumping test at obser
vation well 86-5 and the shallow water table well at
Station No. 4

was entered into GWAP (Ground Water Analysis

Program) on the computer and computations were made to de
termine the transmissivity, hydraulic conductivity, stora
tivity, and specific yield.

Transmissivity is defined by

C.W. Fetter (1988, pg. 578) as:
The rate at which water of a prevailing density and
viscosity is transmitted through a unit width of an
aquifer or confining bed under a unit hydraulic gra
dient. It is a function of properties of the liquid,
the porous media, and the thickness of the porous
media.
In other words it is a measure of the amount of
water that can be transmitted horizontally by the full
thickness of the aquifer.

It is determined from the

following modi- fied form of the nonequilibrium formula:
T = 263.9Q/change in s where;

59

T = coefficient of transmissivity in gallons/day/foot.
a·= discharge of pumped well, in gallons/minute.
change in s

=

drawdown difference per log cycle in• feet.

From this formula the transmissivity was determined to be
229,000 gal/day/ft.
Hydraulic conductivity is defined by C.W.

Fetter

(1988, pg.78) as the rate at which water flows through a
permeable medium.

It is a function of the density and kin

ematic viscosity of the water as well.
locity, length/time.

It has units of ve

The hydraulic conductivities calcu

lated at Station No. 4 ranged between 0.098 cm/sec in the
lower aquifer and 0.06 cm/sec in the upper aquifer.

This

is within the range for well sorted sand and glacial out
wash which is 0.001 cm/sec to 0.1 cm/sec.
Storativity, or the storage coefficient, is defined by
C.W. Fetter (1988, pg.578) as:
The volume of water an aquifer releases from or takes
into storage per unit surface area of the aquifer per
unit change in head. It is equal to the product of
specific storage and aquifer thickness. In an uncon
fined aquifer, the storativity is equivalent to the
specific yield. Also called storage coefficient.
It is the ratio of the volume of water yielded to the vol
ume of the pore space.
The storativity of the lower aquifer was calculated to
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be .0029 (Figure 15) and the specific yield of the upper
aquifer was determined to be 1.4 (Figure 16).

Since it is

not possible for the specific yield to be less than or
equal to the porosity, this is not a reliable figure.
The GWAP program did not account for leakage in its
calculations so the same data was run through the AQTESOLV
program which uses the Neuman solution for leaky con
ditions.

The AQTESOLV results ( Figure 17) seemed to be

more reliable with the specific yield calculated to be
0.12.

This is significantly lower than the 1.4 calculated

by GWAP.

The transmissivity is 54 0 square ft /min. or

777,600 square ft/day.

This is much higher than the 30,672

square ft/day calculated using GWAP.

This is most likely

due to using a higher value for the aquifer thickness and
accounting for leakage.
The difficulty in comparing the storativities cal
culated from this pumping test and the previous pumping
test is that different monitoring wells were used for the
This is especially difficult because monitoring

tests.

well 85-6 used in the 1990 pumping test was flowing under
artesian

conditions

prior

to the test

and

it

was not

possible to know the true head at the beginning of the
test.

However, the storativity of the previous test was

.0003 compared to .0029 in the 1990 test.

This would seem
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to contradict

the contention that the storativity is less

now due to the massive pumping at Station No. 4 during the
·mid 1980's.

To accurately compare these values it would be

necessary to use the U.S.G.S. well for both tests.

This

was not possible and could be the subject of further study.
Figures 15 and 16 show the curve matching for the up
per and lower aquifers using reverse-type Theis curves.
These results were interpreted using the Theis nonequi
librium formula (Wenzel, 1942) expressed as follows:
s = 114.6Q/T
where W(u)= -0.5772-ln u + u-u squared/4 + u cubed/18 - ...
and

u = 187 r squared S/Tt

The variables in the above formulas are derived as follows:
s = drawdown in feet at any point in the cone of
depression.
Q = pumping rate, in gpm.
T = coefficient of transmissivity in gpd per foot.
S = storativity.
t = time in days since pumping began.
r = distance in feet of observation well from pumping well.
It must be remembered that the above formulae assume a
homogenous aquifer of infinite extent.
Figuie 16 shows the results of the pump test on the
shallow well which is screened in the upper aquifer.

The
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data follows the type curve for an unconfined aquifer with
a delayed response for most of the curve.

Toward the end

of the pumping test the data curve deviates from the type
curve.

This deviation is possibly a result of dewatering

of the upper aquifer.

Figure 15, which for well 86-5 is

screened in the upper part of the lower aquifer and shows
a confined leaky response.

The deviation in this type

curve represents leakage taking place as a positive re
charge boundary is reached possibly from the upper aquifer
as it is being dewatered.

As this recharge is depleted the

curve returns to the shape of the type curve for confined
leaky conditions.
The time-drawdown analysis yields the clearest results
of this pumping test.

These results can be interpreted as

showing a direct connection between pumping at Station No.
4 and the water levels at the Kleinstuck Nature Preserve.
The rapid response to the pumping at Station No. 4 was un
expected.

The reasons for this

rapid response are

com

plicated because there are other factors which exaggerate
the effects of pumping on the marsh.
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CHAPTER IV
INFLUENCES AFFECTING WATER LEVELS
Drainage Basin
The size of the drainage basin of the Kleinstuck Marsh
has been affected by urbanization.

A drainage basin is the

land area from which surface runoff drains into a stream
system with its boundaries defined by topographic highs.
By comparing a map of the City of Kalamazoo storm sewer
system to a topographic map it is clear that because of the
installation of storm drains along Oakland Drive, Chevy
Chase Road, and Edgemore Avenue the drainage basin divide
has been moved a block closer to the Marsh.

This repre

sents approximately 11 percent of the original size of the
drainage basin.

Now, much of the runoff from precipitation

is being exported, by the city storm drain system, to the
west and south of the marsh.
Except for the spring at the base of the Chevy Chase
trail, there are no perennial streams that flow year round
into the drainage basin.

There are however, many intermit

tent streams which flow into the kettle during precip
itation events.

These streams are fed by runoff from the
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steep slopes of the kettle surrounding the Kleinstuck
Marsh.

Some of the inflow of these streams is now being

exported by the storm drains further adding to the ·d�ficit
of the water budget.

Because increased steepness causes

more runoff, erosion is also a problem at the Kleinstuck
Nature Preserve.
Erosion and Sedimentation
The slopes of the kettle surrounding the Kleinstuck
Marsh are very steep with slopes from 12 to 25 percent.
The steeper the slope, the more runoff occurs during pre
cipitation events.
empty into the

Added to that is the storm drains that

Kleinstuck Marsh.

These storm drains in

crease the streamflow which increases the amount of erosion
that takes place.

At the base of Spruce Street the storm

drain emptied into the ravine.

This caused massive erosion

where even large trees were being washed away by the river
of sand that used to extend into the marsh.

In 1990 the

City of Kalamazoo extended this storm drain into the marsh
eliminating the erosion problem at that location.
The lack of vegetation or underbrush also adds to the
erosion problem at Kleinstuck.

Many attempts have been

made at erosion control with some success:. first,

the

planting by the students; then the student environmental
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groups' work on the Chevy Chase trail; and most recently
the extension of the storm drain.

More work is needed, es

pecially along the trails on the north side of the kettle
that follow the ravines uphill.

Building steps and plant

ing more vegetation would help control the erosion in those
places.

Even though bicycles are not allowed in the nature

preserve, mountain bicycles are ridden with impunity on the
trails and add to the erosion problem.
Sedimentation of ponds and lakes is a natural process.
However, man-made erosion speeds up that process.

Many of

the trails that lead down to the marsh are intermittent
streams that carry large amounts of sand into the marsh,
causing sedimentation in the marsh and pond.

This would

seem to lower the water levels as the wetland would fill up
with sediments.

Even though this wetland may be an example

of lake succession in progress, it has been accelerated by
environmental factors.
Y.M.C.A. Tile Field
The

effects

of

the

tile

field

which

drains

the

Y.M.C.A. parking lot may be small but not insignificant.
About 80,000 to 90,000 gallons per day are drained from
this location and piped directly into Axtell Creek at
Station No. 4.

This is a constant rate, being groundwater
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fed, which would tend to lower the head in the area.

This,

in turn, exaggerates the effects of the pumping, accel
erating the drawdown that takes place between Station No.
4 and the Kleinstuck Marsh.

Also,

the mounding effect

caused by the bedrock high under the Y.M.C.A. may exag
gerate the problem because the transmissivity has been reduced.

In effect, the bedrock high is acting as a dam

causing this mounding.

The tile field reduces this mound

ing by lowering the head.

This helps to control the flood

ing problem at the Y.M.C.A. but it also exaggerates the ef
fect of pumping on the Kleinstuck Marsh.
Breached Clay Layer
The removal of the clay layer during construction of
the moat at the Kleinstuck Marsh in 1961 drastically al
tered the hydrology and hydrogeology there.

What used to

be a perched system, is now directly connected to the lower
aquifer.

Without the pumping at Station No. 4 the water

levels at the Kleinstuck Marsh would probably not be a
problem.

If the moat had not been constructed at the

marsh, then the water levels would probably not be as af
fected by the pumping.

The pumping test results show that

the Kleinstuck Marsh is acting as a recharge area for the
aquifer tapped at Station No.

Groundwater flow lines could
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be drawn directly from the marsh to the pumping station.
This breached clay, or marl, is considered a confining
layer having a hydraulic conductivity less than ·.000001
cm/sec.

This would at least have slowed down the draining

of the marsh during pumping before the moat was con
structed.

But now the water levels of the marsh are con

trolled by the pumping at Station No. 4 even during times
of ample rain.
Pumping
The pumping at Kalamazoo Municipal Pumping Station
No.4 has the greatest effect on the water levels at the
Kleinstuck Nature Preserve.

This was quite evident from

the relatively rapid response at Kleinstuck during the 1990
pumping test previously discussed.

Monitoring wells Kl,

K2, K3, and the surface water staff at the Kleinstuck Marsh
were monitored for a 15 month period from July 198 9 to
September 1990.

Water levels were measured about once a

week and then plotted using time on the X axis and relative
drawdown on the Y axis (see Figures 18 and 19).

In this

way it was possible to determine graphically the trends of
the groundwater and surface water levels in the area over
the 15 month period.

These water levels were compared with

pumping records from Station No. 4, and precipitation re-
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K.leinstuck Monitoring Wells
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o�-------------------------------�

-1

-v---c:::

Cl)

>

C1)

...J

....
�
C1)

::::

2
-

I

i

Ii

-0
C:

:::

.;

0 -3 I
C1)

>

·.;:

v
�
«I

�I
-5

0

...........•➔.• ....

2

••

4

··---... .

.........
6

··--.........

··•�•..-a

8

. .........
• ............., -... .._........

I

·-----------�

10

12

14

Months

- K1-+- K2 - K3

Figure 18. Relative Ground Water Fluctuations of
Monitoring Wells Kl, K2, and K3 During Study.

16

0

I[)
N

KLEINSTUCK SURFACE WATER
PUMP TEST OCT 29-NOV 3, 1190

--4-J

-I[)
.....__,,,N

I- N
::r:
(.'.)

w

::r:

a::
w

I- 0
<( 0

�N

w
u
�

a::

::)
lf) I[)

"....
.

I[) -f---r--,,......-r-,---r--r--,---,,---,--r-r--r-�,---,--r--r---.--.---r--T-r-r--r-.---r--T-r--r---.--.---r--T-r-r--,.

.... 0

1 000

2000

3000 .

4000

MINUTES

5000

6000

7000

---···

-

Figure 19. Fluctuation of the Surface Water of the Kleinstuck Pond During
the 15 Month Study.

--.J

w

cords from the Kalamazoo Regional Hospital located approx
imately a half mile away.
It is apparent from Figure 18 that the water level
trends for wells Kl and K2 are almost exactly the same,
with K2 having a slightly slower response time�

When com

paring the surface water graph (Figure 19) with the graphs
for Kl and K2 (Figure 18) it is also apparent that the sur
face water levels at the Kleinstuck Marsh have a similar
trend to wells Kl and K2.

The surface water-level of the

Kleinstuck Marsh has a slower response time than wells Kl
and K2.

This was evident during the 1990 pumping test as

well as this 15 month study.

The peaks of the graph of the

surface water level are more rounded than the sharp peaks
and valleys of Kl and K2.

This is most likely the result

of the large amount of evapotranspiration taking place
which tends to round out the peaks on the graph.

Well K3

(Figure 18), which is located on the opposite side of the
preserve to Station No. 4, does not follow the trends of
Kl, K2, and the surface water.

Since K3 is away from the

influences of Station No. 4, or any other outside influ
ences, it would be safe to assume that the water levels of
K3 represent the regional ground water trend.
Comparisons of the K3 levels of Figure 19 to the
monthly precipitation bar graph

(Figure 20) will help
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KLEINSTUCK PRECIPITATION
JULY 1989- SEPT 1990
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Figure 20. Monthly Precipitation,
Nature Preserve During the Study. Shown in Inches.
illustrate that.

In July of 1989 5.81 inches of rain fell

in the area which is 2.25 inches above average for the
month of July (Month 1).

The groundwater level was rela

tively high at the end of July 1989 and remained high
through the months of August and September (months 2 & 3)
when the amount of precipitation was slightly above aver
age.

Then from October through January (months 4 - 7) of

1990 precipitation was less than half the average.

---- -

-- ---------

76
JULYl989-SEl7f 19'..X>

2

4

6

8

MONTHS

10

12

14

Figure 21. Monthly Discharge From Kalamazoo Pumping Station
No. 4 in Kiloliters. Shown in 50,000 Kiloliter Increments.
During this time period there was also a downward
trend of the water level of well K3.

As precipitation in

creased during February through June the water level rose
at K3.

By comparing Figures 20 to 21 it is evident that in

June (month 12) the water levels seem to drop more quickly
than precipitation amounts, but this could probably be at
tributed to higher evapotranspiration which takes place
during the summer months due to warmer temperatures.
While there does seem to be a relationship between the

precipitation and the water levels of the control well K3,
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there does not seem to be a relationship between the pre
cipitation and wells Kl or K2.

The surface water level has

some influence from precipitation but generally follows the
trend of wells Kl and K2. During the months of July,
August, and September (months 2, 3, &4) i989 the water lev
els of Kl, K2, and the surface water declined even though
there was more than average precipitation.

From about mid

September 1989 through March (months 3 - 9) of 1990 there
is an upward trend of the water levels of Kl, K2, and the
surface water of the marsh.
At the same time there was less than average precipitation and the water level dropped at K3.

March

through May (months 9 - 11) 1990 shows an upward trend in
precipitation and water level at K3 while water levels at
Kl, K2, and the marsh went down.

From May to September

(months 11 - 15) 1990 the water level at K3 and the pre
cipitation went down again while Kl, K2, and the surface
water fluctuated.
The fluctuations of the surface water during these·
summer months can be attributed to large precipitation e
vents and periods of warm weather when more than average
evapotranspiration takes place.

On June 28, 1990, 1.24

inches of rain fell in the area with .71 inches the

following day.

This large precipitation event caused much

runoff, and the water level of the Kleinstuck Marsh rose.
This was followed by a period of warm weather when
temperatures rose into the 90's.

Then 2.36 inches of rain

fell between July (month 13) 20-22, 1990, causing another
peak on the surface water hydrograph (Figure 19) when the
water rose in the marsh 3.12 inches.

This extra 0.74 inch

es is due to runoff from the sides of the glacial kettle
which surrounds the marsh.

Another period of warm weather

followed causing a decline, until 3 inches of rain fell
between August 12 - 22 causing another peak on the surface
water hydrograph.

Individual precipitation events and tem

peratures do seem to have some effect on the surface wa
ter levels, at least during the summer months, but do not
seem to have much effect on the water levels in wells Kl
and K2.
Monitoring wells Kl, K2 and the surface water of the
Kleinstuck Marsh are more affected by the pumping that goes
on at Station No. 4 than by precipitation.

Figure 21 is a

bar graph of total monthly discharge, from the pumping, at
Station No. 4 measured in
are

kiloliters.

Figures 22 and 23

hydrographs of the U.S.G.S well which is located at

the northern boundary of Station No. 4.

They are based on

daily low levels recorded on a Stevens Recorder which is
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During 1990.

(X)
0

dedicated to the well.

It shows the amount of drawdown

that occurs for each pumping event.
Figure 21 shows that in July (month 2) of 1989 there
Only 51,240

was relatively low discharge at Station No. 4.

kiloliters were pumped, most of it during the first two
weeks of the month according to the U.S.G.S. well hydro
graph.

On the hydrograph fqr wells Kl and K2 (Figure 19)

there was an upward trend of the water levels during the
end of July and first week of August.

Then on August 6,

1989, (month 10) pumping commenced at Station No. 4 and con
tinued for an entire month until September 5.

During this

period the water levels of Kl, K2, and the marsh dropped
drastically while K3 remained fairly static.

A record val

ue of 290,260 kiloliters was pumped from Station No. 4 dur
ing the month of August, which was the greatest discharge
for any month during this 15 month study.

This is a peak

demand month for municipal water supplies because of res
idents watering their lawns and gardens.
In September of 1989, 169,750 kiloliters were pumped
at Station No. 4.

Between September 7th and 14th the water

levels of wells Kl and K2 started rising again and con
tinued to rise, generally, for the rest of the year and
into March of 1990.

This is reflected in Figure 21 as to

tal discharge dropped through that time period.

It should
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be noted however that during this same period precipitation
was less than average and the water level of well K3
dropped.
Figure 21 shows that in March of 1990 (month 10) dis
charge at Station No. 4 increased.

In March, 120,850 kilo

liters were pumped mostly during the last two weeks.

That

is when the water levels started dropping again at Kl, K2,
and the marsh.

In contrast, during this time period pre

cipitation increased along with the water level of well K3.
The water levels continued to drop into May and then went
up during the middle of the month before dropping again at
the end of the month.

Between May 10th and May 21st, 1990,

it rained every day for a total of 3.21 inches.

That does

seem to be reflected in the water levels of the marsh and
all the monitoring wells.
On May 20th 1990 massive pumping commenced and con
tinued through the month of June (months 12 & 13) .

In

June, 197,740 kiloliters were pumped at Station No. 4.

In

Figures 19 and
went down.

21 the pumping went up and the water levels

Precipitation was slightly over average for

June so the drop in water levels can only be attributed to
pumping at Station No. 4. Discharge from Station No. 4 was
low in July and August when the water levels of Kl and K2
recovered.

At the same time, the water level of K3 was go-
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ing down and continued going down through September.

The

fluctuations of the surface water during that time have al
ready been discussed and are a result of precipitation and
evapotranspiration during the summer.
Massive pumping commenced again August 26th, to meet
the peak demand during the summer, and continued for two
weeks.

The water levels of wells Kl and K2 dropped dras

tically during those two weeks before rising again in
September.

This rise in the water levels of Kl and K2 hap

pened during a time of little precipitation and dropping
levels of the regional trend (well K3).
When superimposing Figures 18 and 20 it becomes quite
evident that the groundwater level of well K3 is directly
connected to the amount of precipitation that falls.· The
trend for K3, considered the regional trend, is basically
the same as the precipitation trend.

Superimposing Figures

18 and 19 shows that the trends for wells Kl and K2 and the
surface water of the marsh seem to have opposite trends to
the trend of K3.

Then when Figure 18 is superimposed with

Figure 21 it is clear that the amount of pumping that goes
on at Station No. 4 is directly connected to the water lev
els of wells Kl and K2, and the surface water.

The water

levels of the marsh are partly controlled by evapotrans
piration and precipitation but for the most part controlled
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by pumping at Station No. 4.
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CHAPTER V
SUMMARY AND CONCLUSIONS
Summary
In the last four years there has been some concern
about the effect that Kalamazoo Municipal Pumping Station
No. 4 has on the surface water levels at the Kleinstuck
Nature preserve.

The goals of this study were: (a) deter

mine the effect of station No. 4 on the Kleinstuck Nature
Preserve,

(b)

investigate other possible influences on

water levels at Kleinstuck, and (c) calculate a safe yield
that station No. 4 can pump without adversely affecting the
water levels at Kleinstuck.
Many changes have taken place at the Kleinstuck Nature
Preserve over the years.

Logging of the Preserve caused

erosion problems and sedimentation of the marsh.

Peat min

ing and dredging of the Kleinstuck Marsh combined to change
the hydrology of the marsh from ombrotrophic or bog con
ditions, to mesotrophic or poor fen conditio�s.

As early

as 1950 there was concern about the water levels at the
Kleinstuck Marsh.

Also in 1950, the Kalamazoo Municipal

Pumping Station No. 4 was installed a quarter mile away and
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downgradient from the Kleinstuck Marsh.
Station No. 4 is situated in a discharge area and is
50 feet lower in elevation than the Kleinstuck Marsh.
There is a rather pronounced hydrogeological connection be
tween the two as evidenced by the 1990 pumping test.

The

bedrock high that exists under the Y.M.C.A. acts as a dam
for the groundwater moving through the glacial drift be
tween Station No. 4 and the Kleinstuck Marsh.

This causes

a mounding effect and flooding at the Y.M.C.A.

In order to

control the ,flooding the Y.M.C.A. has installed a tile
field which effectively lowers the head of the groundwater.
The Kleinstuck Marsh is a flowthrough system with flow
to the east toward Station No. 4.

The dredging that took

place in the marsh has changed it from being a perched systern to being directly connected to the aquifer.

Aerial

photographs indicate that the marsh was an example of lake
succession in progress even before Station No. 4 was built.
There also seems to be a reduction in the size of the
drainage basin at the Kleinstuck Nature preserve due to
routing away of runoff by the city storm drain system.
Well K3

is located on the opposite side of the

Kleinstuck Nature Preserve from Station No. 4.

The 15

month trend for the groundwater level of well K3 closely
follows the amount of precipitation that falls in the area.

However, the water levels of wells Kl and K2, which are
situated between Station No. 4 and the Kleinstuck Marsh,
and the surface water levels of the marsh mirror the amount
of pumping that goes on at Station No. 4.

In other words

when the pumping increases, the water levels of Kl, K2, and
the marsh decrease.

There does seems to be a rapid re-

sponse of the water levels to pumping as observed during
the 1990 pump test.

Flow lines could be drawn directly

from the marsh, which is a recharge area, to Station No. 4,
which is a discharge area.
The limitations of this study include the lack of ge
ological and hydrogeological information between Station
No. 4 and the Kleinstuck Marsh.

Deeper wells (greater than

100 feet),, nested with wells Kl and K2 should be drilled.
This would help in understanding the geology and the hydro
geologic connection between the two locations.

More work

should be done to study the influence of Pikes Pond on the
recharging of the Kleinstuck Marsh.

The question still re

mains about the silting over of Pikes Pond.

Also another

pumping test should be performed using the U.S.G.S. well to
ascertain if a change in storage of the aquifer has taken
place due to the massive pumping of the mid-1980's.
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Conclusions
There is a direct relationship between the pumping at
Station No. 4 and the water levels at the Kleinstuck Marsh.
This has been proved by the 15 month monitoring of water
levels in the area and comparing them with pumping and pre
cipitation records.

This direct relationship has been in

creased by four other factors. The factors are: (1) reduc
tion of the drainage basin, (2) lake succession in progress
due to erosion and sedimentation, (3) the tile field at the
Y.M.C.A., and (4) the breaching of the clay layer under the
marsh.

The first three factors may be minor by themselves,

but added up they are certainly not insignificant.
The breaching of the clay layer is a major factor.
The breached clay layer makes the marsh very susceptible to
pumping at Station No. 4.
Station No. 4.

The Kleinstuck Marsh recharges

Increasing the discharge at Station No. 4

by pumping lowers the water level at the marsh within 19
hours.

If the clay layer under the marsh were still in-

tact, then this response time would be much slower.

The

three minor factors mentioned combined with the breaching
of the clay layer all contribute to this rapid response
time.
Calculating a safe yield is difficult.

In this case

a safe yield would be the amount of pumping that could take

place at Station No. 4 without adversely affecting the surface water level of the Kleinstuck Marsh.

In calculating

a safe yield precipitation, evapotranspiration, pre·sent wa
ter levels, and pumping rates must be taken into consid
eration.

Based on the time-drawdown analysis of the 1990

pumping test it would seem that recovery takes twice as
long as drawdown at the marsh.

Because of this slower re

covery, the pumps should run for two days and then remain
off for four days to recover.

Pumping rates should prob

ably not exceed 2,500 gallons per minute (three pumps op
erating).

If pumping is greater than 2500 gallons per min

ute, then the water levels of the marsh should be monitored
by the city to insure the level of the marsh does not drop
more than two feet.

Special monitoring should take place

during dry seasons so as not to endanger the plants and
wildlife of the marsh.
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